Abstract-We propose and analyze a new optical three-dimensional waveguide having the function of a single-mode polarization-maintaining wavegwde or TE/TM mode splitter.
I. Introduction
Three dimensional planar-type dielectric waveguides are the building blocks for many fundamental devices in integrated optics, millimeter and sub-millimeter wave integrated circuits.
In particular, a single-mode and polarizationmaintaining planar-type three-dimensional (3-D) dielectric waveguides will be strongly needed in near future for the integration of optical circuits and other applications. For the conventional three or four layer rib-type waveguides, the propagating modes produce two families, namely the TE-and TM like modes. On the other hand, since very thin multilayer films of two isotropic materials wi'th different refractive indices (e.g, Si02aand Ti02) exhibit the artificial birefringelice properties [l-3] , it is well-known that this structure arises a large mode-separation between the TE gnd TM modes. Therefore, it is expected that v:yy thin multilayer films 3-D wavegui'de operaps as the TE`polarization-maintaing waveguide; only the TE modes propagate and TM modes are cut-off. Also down for multilayer thin-films structures because of the abrupt discontinuities in refractive index. We propose a physically intuitive method for analyzing the multilayer thin-film 3-D waveguides; "the modematching method based on the planar circuit equations". Compared to other numerical techniques, this method described here has many advantages: first tis method can obtain more accurate electromagnetic field distributions as well as the propagation constants of the guided modes. second,the nonphysical, spurious modes do not appear and third, it is easy to explain physical phenomena such as mode conversion effects between the TE and TM modes and the complex propagation constants for TM-like mode (in some cases, leaky mode).
II. Structure and Working Mechanism
The proposed multilayer structure consists of very thin-films stratified alternately with different dielectric materials as shown in Fig. 1 . This multilayer structure is used for the realization of a large separation between the TE and TM modes, where materials ofthe thin-films, the ratio ofthe thickness of the two stratified material, number of thin-film layers will contribute to the value of effective refractive index of the guided modes. The strip loaded-type or rib-type structures as shown in fig.2 are also used for the mode suppression of the unwanted higher modes, where the thickness of strip will contribute to vary the effective refractive Index. Through these mechanism, a single-mode and polarization maintaining 3-D waveguides are realized.
III. Method of Analysis
The typical rib-type structures of the multilayer thin-film polarization-maintaining 3-D waveguides under consideration is shown in Fig. 3 . This optical 3-D waveguiides are analyzed with the " mode-matching method" which utilizes the one-dimensional transmission-line matrix for the height (vertical) direction in multilayer thin-films and the transverse resonance relation based on the planar circuit equatons for the horizontal direction [71-[91. Since the theoretical treatment has been described by authors, only the principle steps will be explained. The first step in the analysis is to find the height mode eigenfunction of waves propagating in multilayer thin-films slab for the structure parameters i.e., the total film thickness D(=-dH+eEdL) , the ratio of each film thickness R=(dH/cL), and number of layer N. At the rib-type sidewall discontinuity, an infinite number of TE and TM modes are excited, and are calculated for three slab-like regions (I, II and III) of the rib waveguide.
Using the appropriately defined mode voltage and mode vecor current as shown in Table 1 , then the total field components at each region can developed by a superposition of the vertical z-components (heighteigenmodes) of slab mode function in that region.
That is
Hz(x,y,z) =-E Vu (x,Y) * gE(Z)
where f(z), g(z), h(z)functions are defined by table 1 The second step is the evaluation of the lateral confinement for the rib-type waveguide having the structure parameters described above.
In these analysis, sufficient number of each TE and TM mode are taken into consideration in order to satisfy the continuity condition of the tAngential field components at the step discontinuity in waveguide. The continuity of the transverse fields is translated in the continuity of mode voltages and currents at the interface plane.
Hence, the following equations are derived.
(2) where the order of n is the number of discretized continuum modes used in the field expansions in the inner and outer regions.
Applying the orthogonality relations shown in Fig.4 shows values of the effective index n43 / ko as a function of stratfied thin-film layer number N and the coffesponding field distributions in height direction. Fig.4(b) shows the dispersion curves as a function of thickness of PMMA (dp) loaded on multilayer thin-films slab structure. As the thickness of PMMA increases from 0 up to 1.0 pm, the effective refractive index for the dominant mode increases frOffi 1.655 
B. Guided modes ofrib-type 3-D waveguides
A plot of the effective index of-refraction as a function of line-width (W) in the waveguide are shown In Fig.5 for the rib-type 3-D waveguide having thin-films layer number N=10 in inner region, and N=O -9 in outer regions. From the dispersion curve shown in Fig.5(a) , we are observed that odd and even modes may cross but two odd and even modes never cross, because take place a strong mode coupling amang these modes. Likewise, Fig.5(c) shows the dispersion curve of the rib-type waveguide of multilayer thin-films N=10 in the inner region and N=9 in the outer regions. The waveguide operates as only a single-mode (TE-polarized mode in the range up to line-width W=2.4 pm). Fig.5(d) also shows the contour plots of the field distribution corresponding to the points labeled on curves in Fig.5(a) circuit model. The numerical results gave the complete set of hybrid modes included mode conversion effects. We also discussed on operating ranges of only a single-mode and TE polarized-mode in the tree-dimensional optical waveguides with the multilayer thin-film structures. The proposed strip loaded-type multilayer thin-films waveguide is-now being-fabricated in our laboratory. Moreover,the multilayer thin-film structures considered herein will be useful as curved waveguide using asymmetric structure,parallel coupled waveguides and resonators not only in the optical frequency range,but also in the millimeter-wave and submillimeter-wave frequency , vol.28, No. 12, pp.735-737, 15 June, 1976. (3) M. Kitagawa and M. Tateda, Form birefringence of periodic multilayers", Appl. Opt., vol. 24, No. 20, pp.3359-33629 15 OctL, 1985. (4) M.R. Knox and P.P. Toulios, in Proc. Symp. Submillimeter Waves. New York: Polytechnic, 1970, p.497. (5) P.C.Kendall, M.J. Adams, S. Ritchie, and M.J.
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